The partition phenomenonin the classification characteristics of Sturtevant-type air classifiers, usually observed in high solid concentration conditions, are studied and analyzed under the assumption of a collision-interference model. Basedon the above analysis, the stochastic model by Molerus on classification is modified and a comparison is made between the theoretical fractional recovery curves and those observed for a classifier in operation. Based on all the above investigations, some suggestions on optimization of operating conditions and in the design of closed-circuit grinding systems are made.
Classification
Mechanism in High Solid Concentration Conditions 0'(x) in Fig. 1 is an example offractional recovery curves expressed in favor offine products, obtained in a Sturtevant-type air classifier operated in high solid concentration conditions.
In this example, the fractional recovery curve does not reach 1.0 at any particle size. To explain this phenomenon,a hypothesis on the overlapping of partition and classification was proposed by Imaizumi3) and Mayer5). According to the hypothesis, owing to agglomeration or adhesion of fine particles to coarser ones, some part ofclassifier feed is merely sent into the coarser products without receiving any classifying action in the classifier ('partition phenomenon'), and the rest, receiving the classifying action, is stochastically classified into fine products and coarser products according to the size of each particle. The ratio of partitioned particles to the whole quantity of classifier feed was defined by them as 'ratio of partition (/3)5, and it was proposed that every fractional recovery curve should be evaluated according to ft and the modified curve W'(x) from which all of the partition phenomenawere excluded.
The value of /5 can be obtained from the maximum point offractional recovery curves as shownin Fig. 1 . As the cause of partition phenomenon in Sturtevanttype air classifiers, many factors can be supposed; adhesion of fine particles to coarser ones6'12), agglomeration of fine particles12), collision or interference of particles with each other, and such collision of particles with auxiliary blades as causes the particles to leave the classifying zone without receiving any classifying action2). All of these factors have close connection with the ratio offeed rate of classifier feed Qp to flowrate of circulating air in the classifier Qa, i.e. the concentration of solid*particles in the classifier. In this paper, an assumption is made that the partition phenomenon is mainly caused by the collision or interference of particles with each other in the classifier, though at the same time it is assumed that a certain portion of this phenomenonis due to the adhesion or agglomeration of particles. Under the assumptions above, the relation between the concentration of solid particles in the classifier and the ratio of partition is investigated as follows. Let's pay attention to one specified particle in the classifier.
If the retention time of the particle in the classifying zone ts is divided into n equal parts, and the probability of its leaving the classifying zone due to collision or interference with other particles-including the case due to adhesion to other particles as a result of collision-within a very short period ts/n is defined as
In this equation, A: is a constant depending on the size distribution of classifier feed and the mode of trajectories of particles in the classifier. The probability for the particle to accept at least one collision or interference in the period ts is expressed by
Accordingly, the ratio of partition ft is expressed as follows.
It can be considered as reasonable that some part of the particles fed into a classifier has already agglomerated oradhered to some other particles. Someof them could be reduced into individual original particles during their passage on the distribution plate, but others could not. If it is assumed that all of the agglomerated or adhered particles which were not reduced into original particles before entering the classifying zone would go into the coarser products, and the weight ratio of these particles to all the particles fed into the classifier is defined as /30, Eq. (4) is obtained as the generalized form ofEq.(3).
3=1-(1-/30) expi-kt.dplQJ (4) According to (4), it is found that ft->/30as QpIQa-^Q> and /3-^l as Qv\'Qa-^°°'? which agree with our experience in actual operation.
As exemplified in Fig. 1 , this type of classifier does not give a sharp classification characteristic even after the elimination of effects of partition, and the size of classification with respect to each particle fed into the classifier apparently has a considerably wide distri- 
The applicability of Eq.(5) was confirmed with respect to some kinds of small-scale classifiers including Bahco-classifier, but as to the Sturtevant-type classifier its applicability has not been investigated.
In the case of the Sturtevant-type classifier, the classification characteristics observed can be regarded as a combination of the partition phenomenon and the real classification process. In the derivation of (5) by Molerus, however, the existence of partition phenomenon was ignored; and in this respect, the model by Molerus should be somewhatmodified. Based from the above, a new model which can be applied to the Sturtevant-type classifiers is proposed.
In this model, the existence of partition phenomenon and the applicability ofEq.(4) are assumed; in regard to such particles as were not partitioned, however, the model by Molerus is assumed. Under these assumptions, the fractional recovery curve in favor of coarser products is expressed by (6) , and considering also (4), Eq. (6' ) is obtained.
A=s {l -(xlxt)*} -kt,<lPl<la (7) In the same manner, the fractional recovery curve in favor offine products 0''(x) can be obtained (Eqs. Measurements were madeunder several operating conditions, each of which was designated as a combination offour factors, i.e. feed rate of the classifier feed, the number of auxiliary blades, the degree of opening of control valve and the number of revolutions of blades (and also distribution plate) per minute (Nsep).
Powderysamples were taken at the inlet and outlet of the classifier in an equilibrium condition; this condition was maintained by the adjustment of feed rate of new feed to the whole grinding system in response to Particle size distribution data were obtained by using an air elutriating apparatus (Semento-Kyokai Type). As it was confirmed that all of the data obtained on particle size distribution could be sufficiently expressed by the Rosin-Rammler Distribution Law, the particle size distribution in the size region 31.50-52.51 fjt was estimated by extrapolation assuming the applicability of RR-Distribution Law. Based on the observed data on particle size distribution, someindices characterizing the state of classification were calculated in the following manner.
First of all, the fractional recovery curve in favor of fine products 0'(x) was calculated; the ratio of partition /3 was obtained from the peak value of0f(x), and the modified fractional recovery curve W(x) was calculated from ft and @' (x) by using Eq.(9); in addition, representative classification size xt was obtained from
The parameter s, which represents the sharpness of classification, was calculated by using Eq. quation, every i corresponds to every particle size for which size distribution was measured.
nt t-i { -(Xijxt)2 (10) The existence of a linear relationship between In
(1-/3) and the concentration of solid particles in the 3=l.-(l -i80) exP(-A'ai,/Q*) (4') As shown in Fig. 5 , /30 linearly decreases with the increase.in Nsep; this can be considered as due to reduction in the amount of particles agglomerated or adhering to others with the increase in numberof revolutions of distribution plate per minute. The value ofA/ in (4') corresponds to kts in Eq.(4) and will be independent of Nsep; this was confirmed experimentally as shown in Fig. 5 . Fractional recovery curves were calculated by using Eq.(8) from values ofs, xt and ft obtained above, and are shown in Fig. 6 WhenQa is held constant, fl increases with increasing Qp9because in this case the concentration of solid particles in the classifier increases. Practically, the op-* Q* is calculated as follows.
gao= 1750 Nm3/min In these equations, Q.'a *s tne^°w rate°^circulating air in the classifier observed in unloaded conditions, and Q,'ao is the maximum of (£a, observed at the operating condition Nab=22, CV=0, Nsep= 187.
system, which in turn is determined by the mill capacity, the required particle size distribution of the products and other factors. In designing closed-circuit grinding systems, therefore, the flow-rate of circulating air in the classifier should be so chosen that the value of QplQa corresponding to the optimumcirculating load of the system may not exceed a certain limit which will be determined empirically1).
Conclusion 1) Experimental results on a Sturtevant-type air classifier can be explained well if the cause of the partition phenomenon toward the coarser products of the classifier is assumed as follows; 1) collision or interference of particles in the classifier, i i ) particle-to-particle adhesion or agglomeration which were generated in the course of grinding or transportation of particles and which were not dissolved by the dispersing effect of the distribution plate.
2) The ratio of partition toward the coarser products 4) An excessive reduction in Nsep in this type of classifier is not advisable, as it would make the ratio of partition higher owing to increase in solid concentration in the classifier as well as reduction in the dispersing effect of the distribution plate.
5) In designing
closed-circuit grinding systems, the flow-rate of circulating air in the classifier should be so chosen that the value of solid concentration in the classifier corresponding to the optimum circulating load of the system maynot exceed a certain limit which will be determined empirically.
